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The research underteken in thie field can be reviewed under the
following headinga:

1, Genstic aspects of 1life oycle in RBscherichia ooli; cytological

studies. (Miss Lively)

2, Genetic contrel of fermentation enaymes in E. coll.

3. Genetic control of mutability, Concluded, (Mrs, Lederderg)
L, Lysogenic bacterial virus in B. goli. (lrs. Lederberg)
5

. Genetic recomdination in Salmonella and E, goli. (Mr. Zinder)
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The study of the genetic behavior of heterosygous diploid stocks of E. goli.
obtained in croeses of atrain X-12 of this organism, has deen continued, without
marked clarification, as yet, of the derrant segregation bYehavior of these diploids,
namely that various segregant types are thrown off at frequencies markedly different
from the theoretical 1:1 for each character pair., Direct evidence that this ader-
ration is due, in part, to a chromosome deficiency heterozygous in the diploid, has
been obtained dy examinastion of diploids which were pure for maltose fermentation,
although one parent was Mal+, the other HMal-, If the failure of such dipléids to
segregate for maltose fermentation were due to the presence of a deficiency in-
cluding the Mal+ gene, then reverse mutations for maltose fermentation in such
stocks would lead %o pure (not segregating) Mal+ from pure Mal-, Thie was found
to be the case., On the other hand, comparable experiments with pure lactose-
Aegative diploids, obtained when hoth parents were Lac-, resulted in reverse mu-
tations which segregnted for lactose fermentation., The experiment can bs illue-
trated: HMal-/deficiency ifi) Mal+/ dsficiency (pure Mal+), dut lac-/lac-
(41plotd) "'y Tao-/Iace (1.e., segregating for Lac). Additional evidence bear-
ing on the structure of the aberrant diploids has come out of single cell pedigree
studies with the collaberation of Dr, M, R, Zelle of Cornell University. In
these pedigroes, inviable cells occour rather frequently, and apparsntly correlated
with reduction from diploid $o0 haploid, Ve may conclulle, therefore, that the
sberrant segregation ratios are a result of the inviability of approximately half
the ssgregants, Were it not for arossing-over, all of the viable segregants
would be of the same type, dut to the extent that a gene can cross-over with the
deficient region, s haploid segregants bearing the alternative allels can dbe
recovered, This sonclusion 1g supported by a gradua) variation in segregation
ratio which parallels the linkage distance of a given factor from the deflcient

region on the chromosome map,
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Theee considerations are prodably important for crosses in which haploid re-
combinants ars isolated as well, This 1is dest 1llustrated by the fact that the
genetic factors controlling maltose-fermentation and eatreptosyein-resistance
which show aberrant behavior (i.e., deficiency) in the diploids, also prove $o de
unmappable in haploids, ¥e may infer, therefore, that the meiotic mechanism is
generally unatable, and that segmental losses are occurring, particularly for the
region containing the Mal and streptomycin-resistance genes, in all sygotes,
vhether they undargo immedinte segregation and give only haploid progeny, or are
delayed in their segregation so that heterosygous diploids are recovered. The
detalled chromosomal mechanism which underlies this melotic instadility is not
yot understood, but is the odject of current research.

in hopes of throwing further light on the genetic cycls in X, goli, a ayte-
logioal study has deen initiated, particularly with the object of comparing the
haploid and 4iploid ocultures, Definite differences have been found, so that
the genetic status of a cunlture can be predicted from its cytological appearance,
Yut we have not yst been able to interpret the slides, Attached is an enlarged
photomicrograph illusirating the muclei of typical haploid oultures; coaparable
prints of diploid cultures are not presently available,

2. Genstic gontrol of fermsntation ensymes in 3. goll.

The study of X. goli lactase, or B-galactosidase, ae & model aystem for
gone ensyme relationships, has besn contimued., In the course of kinetic and
adapSation studlies on intact cells, oonsideradle variation was found from dey to
day, which was ultimately traced t0 the fact that washed cells of XK-12, although
stable in distilled water, are sutolysed upon standing in N/15 or higher phosphate
buffer and other salts, The anuSolysis can be detected as an appreciadle reduction
in the optical density of a cell suspension. Concomitant with the autolysis is
& striking inorease in the appareant ensymatic actividy of the suspension, which
may reach as high as thirty-fold. Ia addition, a smal)l fraction, adout 20%, of
of the activity is released from the cells to the dbuffer. This result indicated
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that extreme caution would be needed in studies on intact cells, and further work
on adaptation rates and genstic effects would have to wait npdn the development
and verification of methods of assaying cells so that the values obtained would
have some meaning.

Upon further examipation, it wvas found that a variety of substances were even
more effective than duffer in induced this "autolysic activation” of the sasyme,
Thymol, bensene, and caprylic alcobhel and desicoation over 1’205 were eospecially
sffective, and fairly reproducidle and optimum amounts of activation could de
obtained with these agents, although sntirely satisfactory conditions have not yet
been worked cut, In addition, iup-. gramicidin, and other detergents have con-
siderable activity, but they erratically inactivate the reloased ensyme., ZThe
simplest interpretation of the activation is that the cell contains a diffueion
darrier, which impedes the transport of the substrate to the ensyme, Whether this
barrier is simply the cell wall, or a more subtle systsam comparadble to the
dsyelophorase” units of other cells, ie not yet clear, As mentionred in the pre-
vious repors, the ensyme in intact cells has differeant kimetic properties from
that in soluble extracis, which may bde a reflection of the kinetics of the Srane-
port mechanism rather than of the snsyme in situ,

¥ith the help of the amplification of activity induced by these mutolytic
agents, a clear demonstration that lactase was not entirely adaptive decame
possible, That is, cells grown on glucose give extracts whose lactase activity
was as wuch as 1% of fully adapted cells grown on lactose. A reinvestigatien of
this property showed that very considerable amounts of lactose (ca 10-15 of full
sdaptation) were present in cells grown on other sugars, e.x., maltose, or on
non-carbohydrate carbon sources, e.g., sodium succinate or peptons., Thus 1%
would appear that glucose has the special property of lurg;ly suppreasing the
claboraﬁon of lactese, while on other earbon sources, fairly large amounts of

nonadaptive laotase are formed. The distinction betwesa adaptive and constitu-

tive enszymes is further blurred dy these experiments,
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As far as oould b told, the extent of autolytic activation {e the same in
cells containing varying amounts of ;aetuo. That is, the maximum ratio of activity
in matolysed compared to intact cells was uniformly about 30. ZThis observation
gclears up the very puszling and widely cited observations of Deere who, in 1939, re-
ported that ensymatic adaptation to lactose was entirely spurious inassuch as un-
adapted cells oould be "stapted” merely by drying or desiccating them. He was,
however, oving tc technical limitations, unable to teet these effecis on ceils
grown on lactose. The activation of adspted cells to the same extent, 30x, in the
gurrent experiments, leaves 1:‘110 doudt that cells grown on lactose do adapt by
-ynthnhm more enzyme. Bqually, the diﬁ'cranco; Almtou—poliunc and lactose-
negative mutants, soms of which synthesize small amcunts of lactase, do not depend
on permeability differences, but on diffsrences in their capacity to synthesize
lactase,

3. Genetic gentrol of mmtability. Congluded. (Mrs. lederberg)

Daring 1947-4€ a number of lactose-negative stocks of E. goli vere isclated
which were unusually stadble as far as their revertidility to lact was concerned.
Some of these stocks were of particular interest bdeoause, in orosses with wild
type, they gave some mutable lactose-negative progeny. This result implies that
some gonetic factors, which can be spparated from $he lao- loous by recombination,
nay be adle to iafluence the true or apparent mutability of the lac- genes. In a
aumber of cases which have now bsen analysed, 1t appears likely that the modifying
genes are not influencing the true mutadbility of the lac loeci, bdut are influencing
the manifestation of the matations which 4o occur, so that fev or none of them are
observed. The most charancteristic modification is that sxerted dy a number of
mubations whioch interfers with galactose-fermentation (Gal-), The effect of the
Gal- modifier is two-fold, VFirstly, Gal- interferes to some extent with the
fermsntation of lactose, so that on a lactose medium, Lact mutations from lLac-
do not have ae decisive a selective advantage, Secondly, many of the Gal-
matations have an inverse effect on the lac- stock, making the latter better
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able to fermeant lactose. The biochemical dasis of these effects is not well
underatood, but their overall reésult is $o make the differsnce in selective
advantage between Gal-lac- and Gal-lact mutants insufficient to ensure the
uniform manifestation of such reverse mutanis on the lactose selective medium,
b, Iymogenig bdagterial yirus in E. goli. (Mrs. Lederbderg)

The sexuslly fertile strain, K-12, of E, coll that has been used in many of
the reported experiments has deen found to carry a latent bacterial virus, opening
up an investigation of the genstic effects and properties of latent virus. As
mentionsd in last year's report, lysogenicity has been a esriocus prodlem in
Salmonella genetic work, so that 4%t has been especially important %o learn what
we could about 1t,

As in plants (e.g., potatoes), latent bacterial viruses can only bde detected
with the help of sensitive "indicator" aultures, for they usually have mo odbvious
effect on their carrier host. In E-12, such an indicator culture appeared as a
*sutans” in a population treated with ultraviolet light. Attempts to disinfect
X~12 with ultraviolet under experimentally controlled conditions have however
bean Aisappointing,

The likeness between dacterial lysogenicity and latent plant viruses is
emphasized dy the behavior of the virus in crosses. In plants, latent virus is
ordinarily not transmitted to seed, In E. coli X-12, a consideradble proportion
of sexual progeny are uninfected with and sensitive to the latent virus, provided
one parent is uninfected, However, when both parents are infescted, all or almost
all of the sexual progeny are infeoted also. The results speak for some sort
of imterruption of virus multiplication or transmission at the sexual stage, but
the details have yet to be uncovered,

5. Genstic Fecembimabion in Salmonells and B. goli. (Mr. Zinder)

In hopes of learning the scope and extent of gene recombination among daec-

teria, a systematic survey is being made of colifors bacteria and of the related

Salmonella group to determine whether recombination cocurs in these forms.
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A 4issinct strain of B, 00l4, isolated from chicken feces by Drs, Shapiro and
Sarles, has been found which crosses with E. doli X-12, but the ylelds of recom-
binants have been oxtmﬁly low, poseibly because the chicken strain secretes an
antidiotic active against k-12, However, resictant mutants XK-12 have just been
isolated, and those should pernit of more effective crossing of the two strains,
It 1e of interest that one of these strains is sucroset, the other sucrose-,
showing that the varietal differentiation of E. goli into gomesmnis and gommunior
is of very little genetic significance, and likely rests merely on a single gene
matation, A number of Salmonella strains have given results strongly suggestive
of recombination, but this conclusion has not yet been adequately confirmed.

For such a survey it aight be desirable to have a technique of isolating
recombinants accessory to that wvhich dspends on nutritional requirements, Drug
resistmoce was found to be a useful basis for recombination studies, Two mutante
of B, ooli K-12, one resiastant to sodium aslide, the other two streptomycin, were
obtained, Recombinants betwesn the mutants were selocted by plating mized ocul-
tures into agar containing both azide mnd streptomycin. That the doubly resistant
organisms vere recombinants was verified by checks on other markers (fermentative,
nutritionsl and phage-resistance), which frequently had recombined alsc, although
thsy weres not constrained to 4o so by the selective medium itgelf,
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